About 75% of patients with Huntington's disease develop irregular motor signs either prior to or simultaneously with mental changes.' These motor symptoms are difficult to assess. Various attempts to measure these impairments have been focused mainly on the occurrence of abnormal involuntary movements during altemating motor tasks such as finger-tapping, rail-walking, placing pegs in a pegboard2 or hand tremor recordings.' 34 In the present study abnormalities observed during continuous voluntary visually-controlled movements were assessed. Since visual disturbances and atrophy of the occipital cortex are known to occur with Huntington's disease,56 the investigation of visuomotor coordination as a study of both the visual and motor performance seems especially suitable for establishing some of the characteristic abnormalities of Huntington's disease. A further purpose of the study was to detect subclinical abnormalities in clinically normal adult offspring of choreic families as a possible indication of incipient chorea. Material All of the offspring in the study took part at their own request. Although the attempt at an early detection of an incurable disease such as Huntington's disease is a matter of controversy, the right of an individual to be fully informed of the information available and subsequently to be able to make a personal choice, cannot be ignored. With that as a prerequisite, a full discussion about the consequences and the uncertainties inherent in the procedure had taken place before the study began. Where the results turned out to be suspicious, the individuals received continuous supportive counselling.
The subjects had to solve 14 different continuous and discontinuous tasks (fig 1) . Each task was carried out a total of four times: twice with the right hand, twice with the left; twice aiming for accuracy only, twice aiming for speed and accuracy. The number of errors was recorded for each of the 56 tasks (14 x 2 x 2) as was the time required for the solution. The sequence of testing conditions was the same for all-subjects: starting with the dominant hand, the subject performed the task for accuracy only, then repeated it using the other hand. After that, copy papers were placed under the lines, the accuracy-plus-speed-instruction was given and the subjects started again with their dominant hand. Registration of the visuomotor performances was done with the following device (ZAK GmbH). A pen- (table 2) .
The most striking result is displayed in the error performance of the left hand in Huntington's disease patients, which falls far above the expected range ( fig 2) .
To find out how well the performance in the eight variables (left/right x speeded/not-speeded x time needed/errors made) differentiated between the three groups investigated, a stepwise linear discriminant analysis was carried out (BMDP-program package)'0 assuming equal prior probabilities. The Table 1 Descriptive statistics for test performance ofthe three subject groups investigated: total time (T) and error (E) scores for the 14 visuomotor tasks given separately for each ofthe four experimental conditions both ofthe right (R) and left (L) hand and for slow (S) and fast (F) condition fig 3) . Table 3b reveals that these are also the offspring having the highest posterior probability of belonging to the "at-risk" group. It is likely that these five offspring already have impaired visuomotor coordination.
The posterior probabilities for the 14 members of the control group classified as "at-risk" persons are between p = 0 50 and p = 0-60. This is due to the considerable overlapping of the control and the offspring groups, explained by the genetic fact that Table 2 Observed significance levels for pairwise comparisons between subject groups (C = controls, 0 = offspring, HD = Huntington's disease). Differences between the test performance from t tests allowing for unequal variances (degrees offreedom corrected according to Welch) for the 8 total scores considered 50% of the offspring escape the disorder. The probability of belonging to the patients group is negligible for all 63 controls (p = 0-00005).
With respect to the posterior probabilities of the patients with Huntington's disease, it can be seen that two of them are classified as members of the offspring group (patients No 8 and 13). These are the two patients (C) closest to the control and offspring group in fig 3. These two patients presented the shortest time of illness and only slight Table 3 Posterior probabilities for allocation from the stepwise linear discriminant analysis (variables selected are R-F-T and L-F-E) (a.) A-posterior probability (b.) A-posterior probability O -a0. 18 --1.8.
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- (fig 2) approximates that of the control group. Only the differences in the error Table 4 Number of trials with typical "choreatic" abnormalities in Huntington's disease offspring during the continuous tracking tasks (figs I and 5). scores between the offspring's right and left hand seem to be larger. However, this difference is not as marked as in the Huntington's disease group.
Qualitative analysis of tracking performance
For qualitative analysis, the copy sheets of the continuous tasks 1-10 under the stress condition were used. The analysis of the choreic performance showed characteristic tracing abnormalities with typical " lurches" and "darts" (in fig 4 indicated by little arrows) and alterations in pencil pressure, which are not visible in the reproduction. All the patients showed these abnormalities; however, none of the controls did. The lurches and darts might be due to voluntarily suppressed hyperkinetic movements which must not be clinically detectable. So, several members of the offspring group showed similar qualitative abnormalities under the stress condition ( fig 5) . As can be seen in From the motor behaviour in Huntington's disease with relatively undisturbed goal-directed movements, interrupted only by quick hyperkinetic movements, the error scores were expected to be high rather than the time scores. However, on the contrary, time scores were significantly higher than those of the normal controls and separated the groups better than the error scores (table 1) , probably due to their smaller standard deviation. The unexpected accentuation of the time score might be further related to the increased reaction time associated with Huntington's disease," the quantitative learning disorder,'2 the less systematic visual observation' and the disturbed eye movements and eye-head coordination.5 '3 Striking difficulties in performing visual tasks such as the Bender-GestaltTest,' 12 reduced amplitudes in visual evoked potentials,'4 myelin-loss in the occipital lobes,'5 GABAreduction in occipital white matter'6 and cortical atrophy of the occipital pole in computed tomography6 support the assumption that Huntington's disease causes impairment of the visual system which further impair visuomotor coordination. In 
